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The interaction of proximate and ultimate factors continues to intrigue ecologists studying avian habitat selection. Since the pioneering work by Beecher (1942) and Svardson (1949), significant theoretical advances in our understanding of the evolution of habitat selection have emerged (e.g., MacArthur and Levins 1964, Fretwell and Lucas 1969 , Bryant 1973 , Rosenzweig 1974 , Southwood 1977 . Generally, theory predicts that animals should select habitats that maximize fitness. Unfortunately, the complexity of such a prediction makes hypothesis testing impractical under most environmental conditions.
Habitat selection in birds is seemingly guided by instinctive and experiential influences from the physical and/or social environment (Hilden 1965 ). Numerous attempts have been made to identify key factors associated with habitat selection within and among bird species. Most investigators have correlated bird species abundance or diversity with environmental variables, and therefore cannot distinguish between habitat selection and habitat correlation (Wiens 1976 ). True habitat selection occurs when individuals exercise a choice among available habitats, instead of differentially occupying them as a consequence of extrinsic factors like predation and competition (Klopfer 1969; Wiens 1976 Wiens , 1977 . In field investigations, however, it is not usually possible to control extrinsic factors.
Only rarely have researchers studied avian habitat selection using experimental procedures (e.g., Klopfer 1963, Partridge 1974). The experiment described here was designed to investigate the effects of habitat structure and resource levels of aquatic macroinvertebrates on habitat use by breeding dabbling ducks. Most literature on this subject originates from studies conducted in prairie-pot-
STUDY AREA
The study was conducted on a 33-ha tract of the Delta Marsh in south-central Manitoba (50011'N, 98'19'W), approximately 2 km east of the Delta Waterfowl Research Station. A detailed description of the local physiography was provided by Fenton (1970) , and the floristic communities have been thoroughly described (Hochbaum 1944 A wooded beach ridge separating Lake Manitoba from the Delta Marsh formed the northern boundary of the study area. In March 1977, an earthen dike was constructed around the southern reach of the area so water levels could be controlled. Originally, an unbroken dense stand of emergent hydrophytes covered the area. Thus, there was no existing natural interspersion of vegetation and open water to confound experimental levels of interspersion. The predominant plant species was whitetop rivergrass; it covered 60% of the study area. Other emergents included giant reed (Phragmites australis) (30%), common cattail (Typha latifolia) (5%), and sedges (Carex spp.) (5%). The soil was a histisol (Buckman and Brady 1969:319) .
METHODS

Habitat Manipulations
In July 1976, 18 square plots (1 ha) were established by permanently marking their corners with 5.5-m wooden poles. Plots were irregularly placed in close juxtaposition to permit inclusion of all plots within the impoundment. Habitat manipulations began in August 1976 when the soil was sufficiently dry to support a tractor and rotary mower.
A diagrammatic example of plot design is shown in Fig. 1 counted birds that alighted on plots yet to be surveyed. Ground-count data were used to compute Brillouin's index of species diversity (H). The index, taken from information theory, combines species richness and equitability of abundance among species. It is appropriate when individuals of a finite number of populations are identified and enumerated from nonrandomly selected sample areas (Poole 1974 
Pair Densities
The effects of habitat treatments (vegetation-to-water percentage ratios and basin treatments) and survey time (morning, afternoon, or evening) on weekly variation in mallard and blue-winged teal pair densities were analyzed using a 3-factorial ANOVA. These species were abundant both years; few (<10%) replicates per treatment combination had zero values. Designed comparisons among means of significant main effects were made with Bonferroni t statistics, a procedure appropriate for nonorthogonal contrasts (Gill 1978:176) . Shoveler, gadwall, and pintail pairs were not as numerous (37-75% of the replicates had zero values) as mallards or blue-winged teal. Therefore, seasonal totals of species pair abundance were used to test the effects of habitat treatments by using 1-sample chi-square statistics.
Vegetation-to-water percentage ratios influenced dabbler pair densities more than basin treatments or survey times. The greatest pair density for all dabbler species in 1977 and 1978 occurred on 50:50 plots (Fig. 2) 
Dabbler Species Diversity
Brillouin's formula was used to compute a value of dabbling duck species diversity for each plot per survey. ANO-VA showed no effect (P > 0.05) on species diversity in 1977 due to vegetation-to-water percentage ratios, basin treatment, or time of survey. In 1978, the only factor contributing (P < 0.05) to differences in species diversity was the vegetation-to-water percentage ratio; diversity was highest (P < 0.05) on 50:50 plots (Fig. 3) .
Pursuit Flights
The frequency of occurrence of pursuit flights in 1978 departed (P < 0.005) from expected frequencies for vegetation-towater percentage ratios, as well as for basin treatments (Table 2) 
Aquatic Macroinvertebrates
Abundance, biomass, and number of families were selected as parameters in the evaluation of response of aquatic invertebrates to habitat treatments. ANO-VA revealed no differences (P > 0.05) in mean invertebrate abundance, biomass, 1977 and 1978 on control, mowed, and rototilled areas. However, the decline was least dramatic on mowed plots (27%, P > 0.05) as compared to control (63%, P < 0.05) or rototilled (64%, P < 0.05) areas. Although the control area contained the greatest (P < 0.05) mean invertebrate biomass in 1977 and 1978, biomass estimates in 1978 decreased (P < 0.05) for the control and increased (P < 0.05) on mowed and rototilled plots. More (P < 0.05) families were represented in samples from mowed plots in 1977 and 1978 than from control and rototilled plots. There was an increase (P < 0.05) in the mean number of families between years on control and mowed areas, whereas family numbers on rototilled plots remained the same (P > 0.05).
Samples from the control area contained the fewest families in 1977 and 1978, and were dominated by midge larvae (Chironomidae) and water fleas Basin treatments had a striking effect on resource levels of aquatic invertebrates. Invertebrate abundance, biomass, and number of families differed among control, mowed, and rototilled areas in 1977 and 1978. We recognize that these differences may be confounded by the use of a different sampling device on mowed plots than on control and rototilled areas. Both sampling devices (modified Gerking sampler and the corer) enclosed a volume of water from surface to substrate and captured benthos and nekton. Thus, we assumed that the samplers functioned similarly in extracting invertebrates from the environment.
The majority of invertebrate families, irrespective of collection site, could be generally classed as detritivores with "collector" or "gatherer" foraging mechanisms (Cummins 1973 
Space and Food
Significantly more dabbler pursuit flights arose from 50:50 plots and mowed areas in 1978. A possible explanation for the greater occurrence of pursuit flights from 50:50 plots is that more dabbler pairs were initially attracted to these plots because of their hemi-marsh configuration, and subsequently were evicted by a male conspecific that defended the area. The confounding effects of habitat structure and the conspecific's presence, as potential attractants, cannot be separated.
Kaminski ( (Giroux 1979 ). To evaluate fully the impact of habitat manipulations, yearly monitoring of waterfowl production should be concurrent with the manipulations.
Where water-level management is feasible, the most economical and efficient way to produce a hemi-marsh is through a drawdown. Complete dewatering of wetlands in the "degenerating" or "lake" marsh phases ( 
